Speculation about a role for viral agents, particularly myxoviruses, in the etiology of idiopathic arthritides is frequently encountered (6, (13) (14) (15) . Experience with human articular cell cultures in vitro has demonstrated significant differences in growth patterns of cells from patients with rheumatoid arthritis compared with those from normals (14) . Other studies have documented differences in viral antibody titers in rheumatoid patients (6) , and yet others have found intracellular inclusions in biopsied synovium from patients with SLE resembling myxoviruses (10) . Despite these clues, attempts to isolate the etiologic agent(s) from these tissues have been fruitless.
Using techniques developed by Green (7), we have been able to produce monolayer cultures of rabbit articular and epiphyseal chondrocytes and synovial cells. We then elected to initiate long-range studies of virus-articular cell interactions employing cells from these rabbit tissues as a prelude to a search for an artificially induced laboratory animal model of rheumatoid arthritis and retrospective studies with human cells. We required a thorough knowledge of the in vitro behavior of the cell lines under conditions of virus infection (various) to interpret results of subsequent in vivo-in vitro studies. Despite many studies of the range of viruses infective for other rabbit tissues (4), no prior studies employing articular cells have been published.
This report documents the range of human pathogenic viruses infective for rabbit articular cells in culture and their ability to respond both to viral infections and to a chemical inducer with production of interferon. Interferon production is of interest because of its role in natural defense against virus infection.
MATERIALS AND METHODS Rabbits. New Zealand white rabbits, 350 to 500 g, were used as sources of cartilage and synovium.
Cell cultures. Rabbits were sacrificed using intracardially injected pentabarbital. Using sterile surgical technique, an anterior incision of the knee joint was made. Synovium was carefully dissected from the suprapatellar pouch and anterior aspect of the knee joint. Articular cartilage was shaved from the distal metatarsals of both hind paws (8) .
Suspensions of single cells were prepared by the method of Green (7) using sequential enzyme digestion with trypsin, collagenase, and hyaluronidase. Between 150,000 and 500,000 cells (chamber count) were placed in disposable 1-ounce plastic culture bottles (Falcon Plastics). The bottles were equilibrated with 5% CO2 in air and incubated at 37 C. Confluent monolayers were obtained within 7 to 10 days. Occasionally cell sheets were mechanically disrupted and divided into three flasks to provide primary subculture sheets.
Cell lines were distinguishable morphologically and biochemically. Synovial cell cultures obtained had a fibroblastic appearance and produced hyaluronate, as detected in a cold trichloroacetic acid extract of whole cells. Chondrocytes were cuboidal in appearance and had the radiosulfur-incorporating characteristics described by Greer (8) .
Media. Synovial cells were grown and maintained in Eagle basal medium with 10% rabbit serum, 0.22% sodium bicarbonate, and 0.1% (vol/vol) of a stock solution containing penicillin (10,000 U/ml) and streptomycin (10,000 gg/ml).
Chondrocytes were grown and maintained in F-12 medium with 10% fetal calf or rabbit serum and 0.1% CRAIG, GORDON, AND GREER (vol/vol) of a stock solution containing penicillin (10,000 U/ml) and streptomycin 10,000 jg/ml.
Viruses. Herpesvirus hominis type I was recovered from brain tissue of a patient with fatal herpes encephalitis and serotyped by Andre Nahmias, Emory University. Vesicular stomatitis virus (VSV Indiana) was supplied from a laboratory strain maintained by Monto Ho. Coxsackie B3 was obtained from the spinal fluid of a patient with meningitis. ECHO 11 was from the stool of a patient with meningitis. Influenza A2 (Hong Kong) was from lung tissue of a patient who expired from influenza pneumonia. Rubella virus was isolated from a child with clinical rubella.
Polyinosinic acid-polycytidilic acid (poly I:poly C) was prepared from the homopolymers (Nutritional Biochemicals, Cleveland, Ohio) as described by Field (5) .
Infectivity studies. Viruses (titered as below), 102 median tissue culture or egg infective doses (TCID50 or EID50) were inoculated onto test monolayers in media free of serum. The cells were observed daily for microscopic signs of cytopathology (CPE). At daily intervals, 0.5-ml samples of maintenance media were withdrawn and stored frozen at -70 C for later quantitative assay for virus and interferon. With each sampling, 0.5 ml of fresh medium was added to each flask. At the conclusion of the experiment, whole cell sheets and medium were frozen at -70 C. The cells were subsequently lysed by freeze-thaw (two cycles of dry ice-actone-alcohol to water at 22 C) for analysis.
Samples were serially diluted in medium, and 0.1-ml dilutions were assayed in six replicate tubes of standard tissue culture monolayers. Herpes simplex and VSV were assayed by dilution to extinction of CPE on WI-38 (human embryonic lung). Enteroviruses were assayed similarly on rhesus monkey kidney monolayers. CPE was determined 3 
RESULTS
Viruses infective for cell lines. As expected, Herpesvirus hominis and VSV induced rapid cytopathology on all three cell lines. None of the other viruses produced morphologic change (Table 1) . Both viruses grew well on all three cell lines, as did rubella and influenza viruses. The latter two did not induce cytopathology when followed in infected cells for up to 18 days, but titers of recovered virus were repeatedly 100 to 10,000 times greater than inoculated (Table  1) . ECHO 11 and coxsackie B3 did not induce morphologic change, nor was growth detectable by increase in titer of recovered virus in any of the cell lines.
Interferon responsiveness. Rabbit synovial cells did not produce detectable amounts of interferon after any of the stimuli tested. Both culture medium and freeze-thaw disrupted cells were evaluated (Table 2 ). Articular chondrocytes were intermediate in responsiveness, yielding free interferon after influenza virus infection and poly I:poly C stimulation. Epiphyseal chondrocytes produced interferon after challenge with all but HSV and coxsackie B3. In addition, maximum titers of interferon produced by EC ranged from 6000 U (influenza) to 400 U (poly I:poly C), whereas AC titers were lower after poly I: poly C (80 U) and rubella (<10 U).
Passive protection with interferon. Since rabbit synovial cells could not be shown to produce interferon, we questioned whether they could be passively protected. Standard rabbit interferon (serum) was produced and kindly supplied by Monto Ho (9) . The material had a titer of 1:16,000 and was free of detectable antibody to any of the viruses tested. A diluted specimen containing 1000 tion) and potential for lasting deformity if injury to epiphyseal cartilage occurs. Epiphyseal cartilage is known to be more metabolically active than articular cartilage, in terms of matrix protein synthesis, and is also more active in terms of mitotic division (8) . Our findings suggest it is also more active in interferon production as well. It is doubtful that these small different metabolic activities account for the differences in interferon response since AC could not be shown to produce any interferon at all after rubella or VSV infection. One wonders whether epiphyseal chondrocytes might be analogous to human fetal cells shown to be more responsive than maternal cells (3). However, pluripotentiality for epiphyseal chondrocytes has not been demonstrated, so it is difficult to envision recruitment, as suggested by Overall and Glasgow (12) , as adequately explaining the difference. The response of chondrocytes to the synthetic inducer poly I: poly C was quite prompt, occurring within 3 h, and suggests that preformed interferon may explain part of the difference between these lines.
Despite Infection of the cells with Hong Kong strain influenza was unexpected. Influenza A2 has not previously been shown to be infective for rabbit tissues (reviewed in 4). However, since prior reported studies all employed the criterion of cytopathic effect to document infection, infection without cytopathology, such as we have reported, may have been overlooked. The significance of influenza A2 virus infection of rabbit tissues, other than providing a tool for study of virus-cell interactions, is not further defined by our studies.
It is of great interest that influenza virus and rubella were infectious for the cells, yet caused no cytopathology and, indeed, persisted in the cells for at least 18 days without inducing any changes visible with light microscopy. As mentioned in the introduction, virus-like particles have been described in synovial cells from patients with SLE (10) . Also, it is well established that viruses can alter nonimmunizing tumor cell antigens so as to make them antigenic (11) . These observations increase the need for further study of virus-articular cell interactions.
